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GEAR CUTTING MACHINE, IN
PARTICULAR BEVEL GEAR CUTTING
MACHINE, HAVING A DEVICE FOR
CHAMFERING / DEBURRING THE EDGES
OF A WORK PIECE

This application claims the benefit of prionity of German

Utility Model Application No. DE 202005011790.0 filed Jul.
22, 2003.

FIELD OF THE INVENTION

The invention relates to a gear cutting machine, 1n particu-
lar bevel gear cutting machine, having a device to chamfer
and/or deburr the edges between the tlanks and the back face,
in particular at the outer tooth ends, of a gear wheel produced
in the gear cutting machine.

BACKGROUND OF THE INVENTION

With spiral-cut bevel gears, the flanks intersect with the
back faces of the teeth at a specific angle. At the tooth, where
the concave flank transitions into the back face, 1.e., not
observed on the gullet, the angle 1s an acute angle. At this
point, an especially large burr 1s created during machining.
The burr must be removed. In many cases, it 1s furthermore
desired not only to remove the burr, but also to place a cham-
ter. With gears having this type of chamfer, the risk of injury
during transport and installation 1s low at the otherwise sharp
edge and furthermore, inadmissibly high hardness values are
avolded at said places.

At times, a chamifering or deburring is also desired at the
transition between the convex flanks and the back flank. Thus,
this will require machining at both of the outer tooth ends of
the bevel gear.

One of the devices known for the chamifering and/or
deburring of the edges of bevel gears 1s disclosed in DE 20
200 40 08 263 Ul (corresponding to US 2005/02600350 to
Ribbeck). With said device, the chamfering/deburring 1s per-
formed on a machine for machining bevel gears. For this
purpose, the machine 1s equipped with a chamier/deburr cut-
ter head. The cutter head 1s attached at the work piece spindle
carrier. With the exception of the rotation of the work piece
which 1s required for the chamiering/deburring, the cutter
head has to perform all motions for the positioning relative to
the work piece and the machining. This requires a high effort.

The object to be attained by the 1nvention 1s to develop a
gear cutting machine so that the chamier/deburr process can
be performed 1n a simple and dependable manner at the bevel
gear.

SUMMARY OF THE INVENTION

In the gear cutting machine 1n accordance with the inven-
tion, the chamier/deburr apparatus and tool are fastened to a
fixed component of the gear cutting machine. In this way, 1t 1s
possible to adjust the chamiering/deburring tool into the
working position 1 a simple and dependable manner to
remove the edges at the bevel gear. The device preferably has
a linear track as well as a pivot axis, which can position the
tool into the optimum position for the chamiering and/or
deburring of the bevel gear.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 illustrates a gear cutting machine with the inventive
device, 1n perspective view.
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FIG. 2 shows the inventive device 1n perspective view.
FIG. 3 illustrates a part of a gear wheel to be treated with
the inventive device.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

(L]
By

ERRED

The mvention 1s explained 1n greater detail by means of
preferred embodiments which illustrate the invention by way
of example only.

The device described 1n the following 1s used to chamier
and/or deburr the edges 1 between the flanks 2, 3 (FIG. 3) and
a back face 4 (obscured 1n FIG. 3) of a bevel gear. It 1s also
possible to use the device to machine the areas of the edges 1
where the transitions of the flanks 2, 3 are possibly rounded
toward the top (preterably the face cone corner) and/or toward
the root (top- and/or root rounding).

FIG. 1 shows a machine, such as shown 1in U.S. Pat. No.
6,712,566 to Stadtield et al. for example, with the device used
for the chamiering and/or deburring provided at the machine,
preferably on the machine stationary column or stand 6. The
machine 1s a bevel gear cutting machine and has a work piece
carriage 3 that can be moved 1n direction X (direction of the
work piece axis of rotation 18). Furthermore, the work piece
carriage 5 can be adjusted along the stand 6 of the machine
perpendicularly to the direction X 1nto the direction’Y (verti-
cally). The machine furthermore has a tool carriage 7 which
can be adjusted perpendicularly to the direction’Y 1n direction
Z.. The work piece carriage 5 has a work piece spindle 8 that
can rotate around the A axis. The tool carriage 7 can pivot
around a B axis which 1s positioned parallel to the Y axis. The
tool carriage 7 has a tool spindle 9 that can rotate around a
C-axis. The C axis runs 1n direction Z.

The method of operation of a machine of this type 1s known
and will therefore not be explained 1n detail. The machine
described and shown 1n the illustrations has the device 29 for
chamiering and/or deburring the bevel gear.

The device 29 has a linear track 10 (FIG. 2) for a carriage
11. It 1s connected to a swivel joint 12 and the pivotable
component 13 of said swivel joint 1s connected rigidly to a
drive unit 14 for a tool 15. In the embodiment, this 1s a fly
cutter which may be developed with single or multiple opera-
tions (e.g. cutting blades or inserts) for the machining in the
continuous process. A disc-shaped tool may be used for
machining in the single mdexing method.

The linear track 10 of the device runs 1n direction Y. The
pivot axis B, of the device 1s positioned parallel to the Y- and
the'Y, axis.

The fixed component 16 of the linear track 10 1s attached to
the stand 6 of the machine. The linear track 10 runs perpen-
dicular to the work piece axis of rotation A and perpendicular
to the tool axis of rotation C. The axis of rotation 17 of the
swivel joint 12 1s positioned parallel to the linear track 10 of
the device and thus also parallel to the Y axas.

The tool 15 has a pivot axis 19 which 1s positioned perpen-
dicular to the axis of rotation 17 of the swivel joint 12. With
the swivel joint 12, the pivot axis 19 of the tool 15 can be
moved i to a favorable position for chamifering and/or
deburring.

The drive unit 14 has a housing 21, a tool spindle 22 for the
tool 15, a motor 23 for driving the tool spindle 22 and a
transmission 24 that connects the motor shaft 28 and the tool
spindle 22. In the embodiment, the transmission 24 1s a bevel
gear system, in particular a bevel gear transmission. The bevel
gear system 24 1s provided, for example, for working space
reasons. Principally, the transmission 24 1s not required if
there 1s suilicient space for the drive unit 14 at the machine.
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The movement axis Y ,, which runs vertically, 1s provided
for the tool 15. The axis B, 1s provided to pivot the tool 18.
The tool 15 turthermore has the C, axis for rotating the tool.
The axes B, and C, are advantageously NC axes.

The fly tool 15 has a structure 25 into which cutting tools
such as cutting blades or, preferably, indexable inserts 26
(with one each indexable insert per tool operation) are
inserted. Potential cutting material for the indexable inserts
26 includes coated finest grain hard metal (carbide), high-
speed steel produced with powder metallurgy, and ceramics.
The cutting edges of the indexable 1nserts 26 can be adapted
to the form of the work pieces. Normally, however, the cutting,
edges of the indexable 1nserts 26 are straight at the edges.
They have a radius at the outer diameter of the tool so as to be
able to also machine transitions of the edges 1 of the work
piece flanks 2, 3 to the root and/or the top of the work piece.

The required distance between the axes 18 and 19 for the
chamiering and/or deburring depends, among other things,
on the geometry of the tool and the work piece. Because the
axes Y and Y, run parallel, the distance can be adjusted
through the axis Y already available on the machine. Thus, the
position of the tool on the Y, axis can be the same for all
machining operations during the machining. Even the resting,
position can be the same for all applications. A NC axis 1s not
required 1n this case.

In a simple embodiment, the B, axis 1s positioned manually
and thus a NC axis 1s not required. However, the setup time
can be shortened 11 B, 1s designed as a NC axis. Furthermore,
the B, axis simplifies the machining of particularly compli-
cated edges at the work piece.

In the simplest case, the positioning between work piece
and chamifer and/or deburr tool 15 1s effected through the axes
X,Y, B, and A. The NC axes A and C,, are synchronized for the
operation in the continuous method corresponding to the ratio
of number of teeth of the work piece and number of opera-
tions (e.g. number of “starts”) of the tool. The feed occurs
through an additional rotation AA of the work piece.

S0 as to better approximate the desired chamier at the work
piece to the 1deal work piece edge, the axes X, Y and A and, 1
applicable, B, must be adapted accordingly.

The machining of the edges of the work piece proceeds as
single-edge machining, usually 1n a continuous process.
However, 11 the process 1s to run discontinuously, 1.e., in the
single indexing process, a disc-shaped tool must be used. In
this case, the axes A and C,, are not synchronized. The number
of cutting discs of the tool can be determined independently
of the number of teeth of the work piece.

When working 1n the continuous as well as 1n the discon-
tinuous process, the process can proceed by teaching the
machine to follow a predetermined guided tool path (i.e.
Teach-1n).

Instead of the Teach-1n process, the coordinates of the track
and the axes can be calculated for machining the edges of the
work piece and the required settings and motions can be
realized through the NC of the machine.

In the embodiment, the process of the tool 15 occurs
between the operating- and resting position in Y, direction.
Principally, a non-parallel position of Y, relative to Y or even
a non-linear track can be realized with the appropnate drive
for the traversing.

In the machine described above, the axes Y and X, which
are available on the machine, are used for positioning the tool
15 relative to the work piece so that the device does not
require any additional axes for this purpose.
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While the invention has been described with reference to
preferred embodiments 1t 1s to be understood that the inven-
tion 1s riot limited to the particulars thereol. The present
invention 1s intended to include modifications which would
be apparent to those skilled 1n the art to which the subject
matter pertains without deviating from the spirit and scope of
the appended claims.

What 1s claimed 1s:

1. Gear cutting machine for producing a gear, said gear
cutting machine having a stationary stand, a work piece car-
riage, a tool carriage, a tool axis of rotation (C) and a pivot
axis (B) about which said tool carriage 1s pivotally mounted,
said gear having tooth flanks, a back face and edges defined
between the tooth flanks and the back face, said gear cutting
machine having a device to chamifer and/or deburr the edges,
said device comprising a tool to chamier and/or deburr the
gear, said tool having a number of starts,

wherein the chamier and/or deburr device 1s attached to

said stationary stand, said chamier and/or deburr device
comprising a linear track whereby said device 1s mov-
able along said track 1n a vertical direction (Y,), said
device also comprising a tool axis of rotation (C,) and a
pivot axis (B,), with said tool axis (C,) of said device
being separate from the tool axis (C) of said gear cutting
machine and said pivot axis (B,) of said device being
separate from the pivot axis (B) of said gear cutting
machine;

wherein the linear track extends perpendicular to a work-

piece axis of rotation (A) and to the tool axis of rotation
(C) of the machine and wherein the pivot axis (B, ) of the
device 1s positioned parallel to a vertical axis (Y) along
which the workpiece carriage 1s movably mounted along
and relative to said stand for vertical workpiece move-
ment on the machine.

2. The gear cutting machine of claim 1 wherein the tool has
at least one 1nsert comprising at least one cutting edge, with
the form of said at least one cutting edge being different than
the geometry of said edges of the gear.

3. The gear cutting machine of claim 2 wherein the tool 1s
driven by a drive unit.

4. The gear cutting machine of claim 3 wherein the drive
unit includes a motor, and a transmission that connects a
motor shaft of said motor to a spindle for the tool.

5. The gear cutting machine of claim 4 wherein the trans-
mission 1s a bevel gear transmission.

6. The gear cutting machine of claim 1 wherein the pivot
axis (B,) of the device 1s an NC-axis.

7. The gear cutting machine of claim 1 wherein the axis of
rotation for the tool (C,) of the device 1s an NC-axis.

8. The gear cutting machine of claim 7, wherein the rotary
motions of the workpiece axis of rotation and the tool axis of
rotation of the device (A, C,) are synchronized corresponding
to the ratio of the number of teeth 1n the gear and the number
of starts of the tool.

9. The gear cutting machine of claim 1 further comprising
a horizontal axis (X) for workpiece movement on the
machine, wherein the pivot axis of the device, the workpiece
ax1s of rotation, the horizontal axis for workpiece movement,
and the vertical axis for workpiece movement (B,, A, X, Y)
are simultaneously controllable to effect a continuous path
control of the tool.

10. The gear cutting machine of claim 1 wherein a drive 1s
provided to traverse the tool along the linear track.
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